The amino-terminal extremity of the simian immunodeficiency virus (SlY) transmembrane protein (gp32) has been shown to play a pivotal role in cell-virus fusion and syncytium formation. We provide here evidence of a correlation between the structure and orientation of the modified SIV fusion peptide after insertion into the lipid membrane and its fusogenic activity. The sequence of the wild-type SIV peptide has been modified in such a way that the calculated angles of insertion correspond to an oblique, parallel, or normal orientation with respect to the lipid-water interface. Fourier transform infrared spectroscopy was used to gain experimental informations about the structures and orientations, of the membrane-inserted peptides with respect to the lipid acyl chains. The peptides adopt mainly a ,(-sheet conformation in the absence of lipids. After interaction with large unilamellar liposomes, this 13 sheet is partly converted into a helix. The ability of the modified peptides to promote lipid mixing was assessed by a fluorescence energy transfer assay. The data provide evidence that a-helix formation is not sufficient to induce lipid mixing and that the fusogenic activity of the peptide depends on its orientation in the lipid bilayer.
The amino-terminal extremity of the simian immunodeficiency virus (SlY) transmembrane protein (gp32) has been shown to play a pivotal role in cell-virus fusion and syncytium formation. We provide here evidence of a correlation between the structure and orientation of the modified SIV fusion peptide after insertion into the lipid membrane and its fusogenic activity. The sequence of the wild-type SIV peptide has been modified in such a way that the calculated angles of insertion correspond to an oblique, parallel, or normal orientation with respect to the lipid-water interface. Fourier transform infrared spectroscopy was used to gain experimental informations about the structures and orientations, of the membrane-inserted peptides with respect to the lipid acyl chains. The peptides adopt mainly a ,(-sheet conformation in the absence of lipids. After interaction with large unilamellar liposomes, this 13 sheet is partly converted into a helix. The ability of the modified peptides to promote lipid mixing was assessed by a fluorescence energy transfer assay. The data provide evidence that a-helix formation is not sufficient to induce lipid mixing and that the fusogenic activity of the peptide depends on its orientation in the lipid bilayer.
The envelope glycoproteins of simian immunodeficiency virus (SIV) have been shown to play a crucial role during the interaction of the virus with the cellular membrane (34) . The SIV envelope glycoprotein precursor gp160 is proteolytically cleaved by a cellular enzyme into a surface glycoprotein (gpl20) and a transmembrane glycoprotein (gp32) (23, 25) . This cleavage generates a new N terminus (fusion peptide) which for many viruses has been found to be quite hydrophobic. Mutations that enhance the overall hydrophobicity of the gp32 NH2 terminus increase syncytium formation, while polar or charged amino acid replacement abolishes the fusogenic function of the viral envelope (1, 10) . Recent data suggest that peptide hydrophobicity is important but that other factors such as the distribution of the amino acids on a helical motif are also involved (12, 21, 43) .
Interaction of viral fusion peptides with the lipid bilayer of the host cell has been recently modeled by computer-aided methods (2) (3) (4) . Computer analysis predicted that the N-terminal fusogenic domains of a series of viral proteins were oriented obliquely with respect to the lipid-water interface, thereby favoring local membrane destabilization and formation of new lipid phases which are thought to be associated with the initial steps of membrane fusion (4) .
We provide here experimental evidence of a correlation between the orientation and structure of the N-terminal SIV wild-type (SIVWT) peptide and corresponding modified synthetic peptides inserted into the lipid bilayer of large unilamellar vesicles (LUV) and their fusogenic activity. The sequence of the SIV N-terminal peptide has been modified in such a way that the calculated angles of insertion correspond to an oblique, parallel, or normal orientation with respect to the lipid-water interface. Since circular dichroism is subject to artifacts due to protein or lipid aggregation, Fourier transform infrared spectroscopy (FTIR) has been used to determine the secondary structure of the lipid-associated peptides (14, 37, 38) . In addition, measurements carried out on oriented lipid bilayers provided information about the orientation of the membrane-associated peptides with respect to the acyl chains of phospholipids that are difficult to obtain by other physical techniques (11, 13, 15, 39) . The ability of the modified SIV fusion peptides to promote lipid bilayer destabilization and/or lipid mixing was measured by fluorescence resonance energy transfer.
MATERIALS AND METHODS Materials. Egg phosphatidylethanolamine (PE), egg phosphatidylcholine (PC), cholesterol (Chol), and sphingomyelin (SM) were purchased from Sigma Chemical Co., (St. Louis, Mo.). N-(Nitrobenzo-2-oxal,3-diazol) PE (NBD-PE) and N-(lissamine rhodamine B sulfonyl) PE (Rh-PE) were from Avanti Polar Lipids Inc. (Birmingham, Ala.). 8-Aminonaphthalene-1,3,6,-trisulfonic acid sodium salt (ANTS) and p-xylylenebis (pyridinium) bromide (DPX) were from Molecular Probes Inc. (Junction City, Ore.).
Peptide synthesis. Peptides ( Fig. 1) were synthesized by solid-phase synthesis, using a commercially available peptide synthesizer (model Biolynx; Pharmacia Biochrome, Cambridge, England) and preweighted Fmoc amino acid OPFP esters (Pharmacia Biochrome). Acylation rate was monitored by Bioplus software, using the release of an anionic dye (17.3 mg of acid violet in 100 ml of dimethylformamide containing 0.14 ml of diisopropylethylamine) at 600 nm. The peptides SIVWT: GLY-VAL-PHE-VAL-LEU-GLY-PHE-LEU-GLY-PHE-LEU-ALA   SIVFLG: GLY-PHE-LEU-GLY-PHE-LEU-ALA-VAL-VAL-PHE-LEU-GLY   SIVmutV: GLY-VAL-PHE-GLY-VAL-ALA-LEU-LEU-PHE-LEU-GLY-PHE   SIVmutH: PHE-VAL-LEU-GLY-PHE-VAL-GLY-LEU-PHE-LEU-GLY-ALA   SIV 7L8F: GLY-VAL-PHE-VAL-LEU-GLY-LEU-PHE-GLY-PHE-LEU-ALA   SIV 6F7G: GLY-VAL-PHE-VAL-LEU-PHE-GLY-LEU-GLY-PHE- and SIV6F7G corresponds to mutant 6 in reference 21.
were cleaved from the resin by using trifluoroacetic acid containing 2% anisol and 2% ethanedithiol for 2 h followed by ether precipitation. Each peptide was purified to more than 95% purity by high-pressure liquid chromatography on a TSK 120T reverse-phase column (7.5 by 300 mm; Pharmacia, Uppsala, Sweden). The peptides typically eluted at 65% acetonitrile (between 65 and 75%), using a linear gradient from 0 to 80% acetonitrile in 0.1% trifluoroacetic acid over 90 min. The sequence was verified by protein sequencing on an Applied Biosystems sequencer. The peptides were dissolved in trifluoroacetic acid, and after evaporation of the solvent in dimethyl sulfoxide (DMSO) at 8 10' M, the stock solutions were stored at 0°C.
Vesicle preparation. Multilamellar vesicles were obtained by vortexing a lipid film in a Tris-buffer (10 mM Tris, 150 mM NaCl, 0.1 mM EDTA, 0.02% NaN3 [pH 7.4]). LUV were prepared by the extrusion procedure of Hope et al. (20) , using an Extruder (Lipex Biomembranes Inc., Vancouver, British Columbia, Canada). Briefly, frozen and thawed multilamellar vesicles were extruded 10 times through two stacked polycarbonate membranes with a pore size of 0.1 p.m (Nucleopore Corp., Pleasanton, Calif.).
Conformational analysis. The method used to calculate the conformation of the fusion peptide takes into account the variation of the dielectric constant and the transfer energy of atoms from a hydrophobic to a hydrophilic environment that characterizes the lipid-water interface (2) . The structure, mode of insertion, and orientation of the fusogenic peptide were studied in a dipalmitoylphosphatidylcholine monomolecular layer as described by Brasseur (2) and Horth et al. (21) . The position of the peptide is maintained fixed during monolayer assembly. The total conformational energy is calculated as the sum of the contributions resulting from van der Waals energy interactions, the torsional potential energy, the electrostatic interactions, and the transfer energy and minimized until the lowest energy state of the entire aggregate is reached. To limit the number of possible degrees of structural freedom, bond lengths and bond angles were assumed to be constant. The values are those commonly used in conformational analysis. This approach is limited to the number of lipids sufficient to surround the peptide, and the structure of molecules (lipids and peptides) is frozen during the process of assembly (2) .
All (14) on one side of the germanium plate. To differentiate between the ot helix and the random structures, the multilayers were exposed for 3 h to D2O-saturated N2 (5) .
(ii) Secondary structure determination. Vibrational bands of protein or peptide, particularly the amide I band (1,600 to 1,700 cm-'), are sensitive to the secondary structure (11) . This amide I band, located in a region of the spectrum often free of other bands, is made of 80% pure C=O vibration (18 (22, 38) . Each band was assigned to a secondary structure according to the frequency of its maximum. The areas of all bands assigned to a given secondary structure were then summed and divided by the total area. This ratio gives the proportion of the polypeptide chain in that conformation. This procedure extended to a series of wellcharacterized proteins provided a correct estimation of the ot-helix and (-sheet structure content with a standard deviation of 8.7% when X-ray structures were taken as the reference (14) . The percentages of the different secondary structures were quantified by an iterative curve fitting. The frequency limits for each structure were first assigned according to the data determined theoretically (24) or experimentally (38): 1,662 to 1,645 cm-l, ot helix; 1,689 to 1,682 and 1637 to 1613 cm-, l sheet; 1,644.5 to 1,637 cm' -, random; and 1,682 to 1,662.5 cm -1 1B turns. These limits have been slightly adjusted to obtain good agreement between the proportion of each structure determined by ATR FTIR spectroscopy and X-ray crystallography for a set of purified proteins (14) .
(iii) Orientation determination. ATR FTIR spectroscopy allows spectra to be recorded on ordered lipid bilayers and information to be gained about the orientation of different structures of protein or peptide (14) . In an ct helix, the main transition dipole moment (C-O) is almost parallel to the helix axis, while in an antiparallel 13-sheet, the polarization is is therefore possible to determine the mean orientation of the oa-helix and 1-sheet structures from the orientation of the peptide bond corresponding to the C==O group. Spectra were recorded with parallel (00) and perpendicular (900) polarized incident light with respect to the ATR plate. Polarization was expressed as the dichroic ratio, Ratr (Ago9/A0.). The mean angle between the C=O band and a perpendicular to the ATR plate surface is calculated from Ratr as described by Cabiaux et al.
(5).
Lipid mixing assay. Lipid mixing was determined by measuring the fluorescence intensity change resulting from the fluorescence energy transfer between two probes, NBD-PE and Rh-PE, inserted into the lipid bilayer as described by Struck et al. (35) . Fluorescence was monitored by using an SLM 8000 spectrofluorimeter with excitation and emission slits of 4 nm. Probes were added to the lipid film, and LUV were prepared as described above.
Liposomes containing both probes at 0.6% (molar ratio) each were mixed with probe free liposomes at a 1/9 molar ratio and a final lipid concentration of 3 x 10-4 M. The initial fluorescence of the 1/9 (labeled/unlabeled) suspension was taken as 0% fluorescence, and the 100% fluorescence was determined by using an equivalent concentration of vesicles prepared with 0.06% each fluorescent phospholipid. The suspensions were excited at 470 nm, and the NBD fluorescence was recorded at 530 nm.
Leakage assay. The ANTS/DPX assay of Ellens et al. (9) was used to monitor vesicle leakage. The assay is based on the quenching of ANTS by DPX. ANTS and DPX are coencapsulated in the aqueous phase of one population of liposome. Leakage of lipid vesicles contents induced by interaction with the peptides was monitored by measuring the dequenching of ANTS released into solution (9) . Fluorescence was monitored by using an SLM 8000 spectrofluorimeter with excitation and emission slits of 4 nm.
Liposomes (LUV) were prepared as described above in 12.5 mM ANTS-45 mM DPX-65 mM NaCl-10 mM Tris-HCl (pH 7.4). Vesicles containing encapsulated ANTS and DPX were chromatographed on a Sephadex G-75 column, eluted with 10 mM Tris-HCl-150 mM NaCl (pH 7.4), to remove unencapsulated material from the vesicle suspension. The liposomal lipid concentrations were determined by phosphate analysis (30) . Fluorescence of liposome at a final lipid concentration of 3 x i0-M corresponds to 0% leakage; 100% leakage is the fluorescence measured after lysis of the vesicles with Triton X-100 (20 RI of 10% Triton X-100 in H20). Samples were excited at 360 nm; emission was measured at 520 nm.
RESULTS
Modification of the SIV gp32 N-terminal peptide. The interaction of the SIV fusion domain with the host cell lipid membrane has been modeled on the assumption that this segment is helical (4). This assumption is based on available experimental data demonstrating that synthetic peptides, corresponding to the putative N-terminal fusion peptides of viral proteins of human immunodeficiency virus (27, 31) , influenza virus (26) , and SIV (28, 29) adopt an ox-helical structure in a lipid environment.
The 12 amino acids of SIVmac fusion peptide is predicted to insert obliquely into the lipid bilayer with an angle of 530 with respect to the lipid-water interface (4, 21) . This orientation is a consequence of an asymmetric distribution of the amino acid hydrophobicity along the helix axis (4) . To demonstrate the importance of peptide orientation, we synthesized a series of 12-amino-acid-long peptides (Fig. 1 ) whose sequences were calculated to alter their angle of insertion into the lipid bilayer. The 12-amino-acid-long peptide has been predicted to have the highest destabilizing activity (4). In the first strategy, the original oblique orientation of the peptide was converted to a parallel or perpendicular orientation relative to the lipid-water interface without changing the hydrophobicity or amino acid composition and without altering the Phe-Leu-Gly motif which has been identified in the fusion protein of several viruses (e.g., paramyxovirus and orthomyxovirus) (12) . Mutant SIVFLG inserts with an angle of 450 into the lipid phase; mutants SlVmutH and SIVmutV insert into the lipid phase at 9 and 830, respectively.
In the second strategy, the Phe-Leu-Gly motif was modified but the global amino acid composition and hydrophobicity remained unchanged. In mutant SIV6F7G, Phe-7 was permutated with Gly-6, while in mutant SIV7L8F, Phe-7 and Leu-8 were permutated. Mutant SIV6F7G was predicted to insert with an angle of 500 into the lipid phase, while mutant SIV7L8F formed an angle of 75°.
Conformation and orientation of the modified peptides. The peptides were deposited on the germanium crystal from a DMSO solution (1 mg/ml). At pH 7.4 and in the absence of lipid, the SIV peptide adopts a 1-sheet structure characterized by a maximum at 1,628 cm-1 (Fig. 2) . Estimation of the secondary structure by Fourier self-deconvolution and curve fitting confirmed this predominance of 13-sheet structure (Table 1) for all of the SIV fusion peptides.
LUV PC/PE/SM/Chol (1:1:1:1.5 molar ratio) were incubated with the peptides overnight at 370C, and the proteoliposomes were separated from the free peptides by ultrafiltration through a hydrophobic YMT membrane, using the Centrifree micropartition system (Amicon).
To take into account the contribution of the SM amide bond, the lipid spectrum was subtracted from the lipid-peptide mixture spectrum. These difference spectra were used to evaluate the secondary structure as well as the orientation of the peptides in the lipid bilayer.
For SIVWT, SIV7L8F, SIV6F7G, SIVFLG, and SIVmutV, spectra are characterized by two major peaks at 1,654 and 1,628 cm-1 associated with a-helical and 1-sheet structures, respectively (Fig. 3 ). When associated with the lipid bilayer, the SIVmutH peptide adopts a 13-turn structure (maximum at 1,674 cm-l), whereas the random content decreases. Estimation of the secondary structure by Fourier self-deconvolution and curve fitting reveals a significant increase of the ao-helical content of the peptide associated with the lipid in comparison with the peptide dissolved in DMSO ( (Fig. 4A) that the a helix lies preferentially parallel to a normal to the germanium crystal. For the four other peptides (SIVWT, SIVFLG, SIV7L8F, and SIV6F7G), the 90-0O difference spectra reveal no deviation for the ot helix, suggesting that the a helix is neither parallel nor perpendicular to a normal to the ATR element surface, as illustrated for the SIVFLG peptide in Fig. 4B . It is worth noting that for none of the peptides could a preferential orientation be associated with the 1-sheet structure. For the 3-turn structure associated with the SIVmutH peptide, no orientation of the C=O transition dipole moment could be detected.
As described in Materials and Methods, the curve fitting applied to the polarized spectra in the amide I region allows evaluation of Ratr (A9(-/Aro) for the ot-helical structure and calculation of the angle between the long axis of the (x helix and the germanium plate ( the germanium plate; i.e., the bilayer lies parallel to the germanium plate. These two peaks appear on the dichroism spectra obtained by subtracting the 0°spectrum from the 90°C spectrum, respectively, as a positive and negative deviation from the baseline (Fig. 4) . (29) . The kinetics of release observed with the SIV7L8F, SIV6F7G, SIVFLG, and SIVmutV peptides was similar to that observed for SIVWT (Fig. 5) . The absence of destabilization observed for SIVmutH could be related to its r-turn structure when associated with the lipid bilayer ( Table   1 ) and to the absence of orientation with respect to the lipid-water interface.
Lipid mixing. The 12-residue synthetic peptide corresponding to the N-terminal extremity of SIV gp32 has been shown to promote the lipid mixing of LUV provided that they contained PE (29) . The highest fusogenic activity was associated to LUV PC/PE/SM/Chol (1:1:1:1.5 molar ratio) (29) .
Lipid mixing of LUV PC/PE/SM/Chol (1: 1:1:1.5 molar ratio) was monitored by the fluorescence energy transfer method (35) . Like neutral pH and 37°C (Fig. 6) . No fusion occurred with SIVmutH and SIVmutV ( Table 3 ). The lack of fusogenic activity of SIVmutH is related to its low lipid-destabilizing activity. In contrast, SIVmutV peptide destabilizes the lipid bilayer but does not promote liposome fusion. Obviously, factors other than membrane destabilization are involved in the fusion event, and the orientation of the fusogenic peptide into the lipid bilayer should be considered as one of them.
DISCUSSION
The hydrophobic amino-terminal domains of the transmembrane glycoproteins of several enveloped viruses (paramyxovirus, orthomyxovirus, and retrovirus) have been shown to play a role in the membrane fusion process (43) . Interaction of viral fusion peptides with the host membrane has been modeled by computer analysis (4) in an attempt to establish a correlation between the orientation of the fusion peptide and its ability to induce membrane fusion.
Two major types of amphipathic helical structures have been identified so far in proteins that associated with lipids. Amphipathic helices lie at the surface of the lipid phase (19) or are oriented parallel to the lipid acyl chain. Recently a third type of helical structure associated with the fusion peptide of enveloped viruses has been predicted to adopt an unusual oblique orientation with respect to the lipid-water interface. A basic assumption of this model is that the peptide is ot helical in a lipid environment (3) .
To obtain experimental evidence of the role of this oblique orientation in viral fusogenic activity, the SIV fusion peptide (N-terminal 12 amino acids of the gp32 transmembrane protein) was synthesized, and its sequence was modified in such a way that the theoretical angle of insertion relative to the lipid-water interface was changed without modifying the nature of the amino acids or the peptide hydrophobicity.
ATR FTIR spectroscopy was used to determine the secondary structure of these modified peptides inserted into oriented VOL. 68, 1994 when the secondary structure parameters of the corresponding X-ray structures are taken as a reference (14) . FTIR spectroscopy data indicate that peptides SIVFLG, SIV7L8F, SIV6F7G, and SIVmutV undergo a conformational transition to an tx-helical structure when interaction with lipids occurs. A (-sheet-to-tx-helix transition was demonstrated by circular dichroism with synthetic peptides corresponding to the NH2-terminal extremity of influenza virus (26) and by FTIR spectroscopy for the fusion peptides of human immunodeficiency virus (27, 31) and SIV (28, 29) . The increase in at-helical content does not, however, seem to be specifically associated to the fusion domain and has been observed in a 30-amino-acid peptide designed to mimic the properties of viral fusion proteins (36) and in signal sequence peptides (7, 16, 32) .
As observed in the SIVWT, SIVFLG, SIV7L8F, SIV6F7G, and SIVmutV spectra, even at high lipid/peptide ratios, there are two major well-separated spectral components in the et-helix and (-sheet domains, showing that the conversion to (x helix is uncomplete. The occurrence of two spectral components should reflect the presence of two separate peptide populations, one penetrating into the lipid bilayer in an tx-helical structure and the other remaining in the aqueous phase as a a sheet. Indeed, it is hard to believe that two well-defined tx-helix and (-sheet conformations could coexist within the same short sequence (12 amino acids). The increase of helical content for increasing lipid/peptide ratios is also inconsistent with the coexistence of two structures in the same peptide. FTIR dichroic spectra have been used to define the orientations of proteins (2, 13, 15, 17, 39) and peptides (7, 16) in a lipid environment. The polarized FTIR spectra on the oriented lipid multilayers indicate that the tx-helical axis of SIVmutV is parallel to the phospholipid acyl chains whereas the a-helical axes of SIVWT, SIVFLG, SIV6F7G, and SIV7L8F have an oblique orientation. A good correlation (Table 3) was observed between the theoretical prediction and the experimental FTIR data.
It should be kept in mind that FTIR spectroscopy does not discriminate between a fixed uniaxial orientation and the mean of two (or more) populations with different orientations cor- responding to an average oblique orientation. The prediction approach gives only a static view of the phenomenon, and the minor variations in the calculated energies associated with various orientations could indicate that the fusogenic segment is actually changing its orientation quickly around a mean orientation. However, the fact that the dichroic ratio did not change at any lipid/peptide ratio suggests that the oblique orientation of the ox helix should not be considered an average between two populations of peptides, one parallel to the lipid acyl chain and the other parallel to the lipid-water interface.
In the second part of this work, the ability of the modified peptides to destabilize the lipid bilayer and to induce lipid mixing was tested and compared with the fusogenic activity of SIVWT. Four of the modified peptides (SIVFLG, SIVmutV, SIV7L8F, and SIV6F7G) induced leakage of the encapsulated small solutes (ANTS/DPX), but only three (SIVFLG, SIV7L8F, and SIV6F7G) triggered lipid mixing. The destabilization of the lipid bilayer resulting from the insertion of the hydrophobic peptide is obviously necessary but not sufficient to promote the fusion between the two lipid bilayers.
Only peptides with a large ox-helical content when embedded into lipid membranes are destabilizing for the lipid bilayer. This correlation between fusogenicity and helicity was mentioned earlier by Lear and DeGrado (26) The data reported here confirm that the hydrophobicity of the fusion peptide is important but not sufficient for its fusogenic potential. SIVmutH and SIVmutV have the same hydrophobicity as SIVWT but are not fusogenic. The oblique membrane insertion of the SIV fusion peptide is an essential requirement for membrane fusion. This oblique mode of insertion has not so far been identified in other short peptides, with the exception of signal sequence which has been shown to induce lipid mixing of vesicles (16) . It is likely that this oblique orientation markedly alters the parallelism between the phospholipid acyl chains. This alteration of membrane organization does not occur in the case of amphipathic or transmembrane peptides and could prefigure a more dramatic change in the lipid order, giving rise to new lipid phases which are thought to be associated with the initial events of membrane fusion.
Another way to prove the correlation between the oblique orientation of the peptides and their fusogenic capacity is to integrate the corresponding modifications in SIV gpl60 by site-directed mutagenesis via a vaccinia virus vector. The fusogenic activities of the wild-type and mutant glycoproteins were tested after infection of T4 lymphocytic cell lines by the recombinant vaccinia virus. This study by Horth et al. (21) showed that the oblique insertion of the fusion peptide is important for fusogenic activity. Mutations that modified the oblique orientation reduced the fusogenic activity. In contrast, mutations that conserve the oblique orientation did not alter the fusogenic properties (21) . Similar results were also obtained with the fusion peptide of the bovine leukemia virus (BLV) transmembrane protein gp3O (41) .
The fusogenic capacity of SIVWT, SIV7L8F, SIV6F7G, and SIVFLG supports the hypothesis that the amino acid sequence is not crucial for fusogenic activity and that conservation of the Phe-Leu-Gly motif, identified in several viral fusion peptides, is also not required. The BLV fusion peptide was replaced by its SIV counterpart in a vaccinia virus recombinant. The fusogenic capacity of the recombinant was 100% (41) . Therefore, the presence of the first 12 amino acids of SIV gp32 at the N terminus of BLV gp3O did not affect the fusogenic activity of the BLV envelope glycoprotein, even though the amino acid sequences of these two fusion peptides were totally different.
In summary, our studies show that an oblique orientation of the fusion peptide seems important for fusogenic activity. However, we cannot exclude the possibility that other domains of the envelope proteins are also involved. For instance, it has been proposed that a segment extending between residues 19 and 27 associated with BLV gp5 I plays an important role in the fusogenic activity of this retrovirus by interacting with the fusion peptide of BLV gp3O. Mutations disrupting the amphipathicity of this region strongly altered the fusogenic capacity (40) . It is quite obvious that there is a need for a detailed three-dimensional structure of the envelope viral glycoproteins. Since this information is missing, our data and recent attempts to define the secondary structure of these proteins (6) could constitute a basis for understanding the fusion process.
